Objectives-It is unknown whether the addition of M-mode to B-mode ultrasound (US) has any effect on the overall accuracy of interpretation of lung sliding in the evaluation of a pneumothorax by emergency physicians. This study aimed to determine what effect, if any, this addition has on US interpretation by emergency physicians of varying training levels.
observation of bilateral chest rising, have been found to have accuracies inferior to chest radiography, which in and of itself is a suboptimal test for the diagnosis of PTX. 5, 6 Chest radiographs often miss PTXs that are subsequently picked up on thoracic computed tomography. The incidence of these occult PTXs has been found to range from 38.8% to 66.7%. [7] [8] [9] [10] [11] [12] [13] [14] [15] Although some have reported a low incidence of adverse outcomes associated with an occult PTX, [16] [17] [18] others have reported high incidences of adverse outcomes, 11, 13, 19 with one study reporting that half of all occult PTXs resulted in tension PTXs. 20 Bedside ultrasound (US) has recently been shown to be a superior imaging modality when compared to chest radiography. Five meta-analyses have Evaluated the accuracy of chest radiography vs US in the detection of a PTX, and although the specificities of the modalities were similar, these studies found chest radiography to have dismal sensitivities when compared to US. Sensitivities of chest radiography ranged from 28% to 52%, whereas sensitivities of US ranged from 78.6% to 98%. [21] [22] [23] [24] [25] There have been 3 different signs described for the US bedside evaluation of a PTX: lung sliding, B-lines, and the lung point, with lung sliding (Videos 1 and 2) on B-mode US images being the most commonly described. 12, 26, 27 However, an alternative mode has been proposed as an adjunct in the detection of a PTX. The M-mode (motion mode) is a mode that graphs time on the x-axis over distance on the y-axis. It has been reported to be useful in the evaluation of a patient with a suspected PTX. A "stratosphere" or "bar code" sign is thought to represent no motion of the pleura, implying a PTX, and a "sandy beach" or "seashore" sign is thought to represent pleural motion, suggesting the absence of a PTX in the area being evaluated (Figures 1  and 2 ). 28 Although much of the literature pertaining to the US diagnosis of a PTX reports the potential usefulness of M-mode US in ruling in or ruling out the Avila et al-M-Mode Versus B-Mode Ultrasound in Evaluation of Pneumothoraces disease, none have actually looked at its accuracy in live patients. [28] [29] [30] [31] [32] This study evaluated the accuracy of Bmode US alone vs M-mode 1 B-mode US together in the diagnosis of a PTX with an online quiz using computed tomography as the reference standard.
Materials and Methods
After Institutional Review Board approval, 15 consecutive adult patients older than 18 years with computed tomography-confirmed traumatic unilateral PTXs had bedside ultrasound examinations prospectively performed on bilateral hemithoraces in the anterior lung fields by the lead author before tube thoracostomy. A total of 30 clips were obtained with B-mode US, as well as 30 images with M-mode US on the same patients, with each modality registering 15 clips of the normal lung and 15 clips of the PTX. A linear transducer was used with either an M-9 machine (Mindray Bio-Medical Electronics Co, Shenzhen, China) or an Xporte machine (SonoSite, Inc, Bothell, WA). The depths at which the machines were set were approximately 0.5 to 1 cm deep to the pleural line, and settings used were either vascular or lung presets. The 30 resulting US clips were confirmed as having the presence or absence of lung sliding by 2 emergency physician expert sonographers. After deidentification, the B-mode clips and M-mode images were uploaded to a secure online website, where they were formatted into 2 separate 30-question quizzes: one using B-mode US clips and another using B-mode 1 Mmode US clips. Participants were not made aware of the probability of a PTX on the quiz. Due to the absence of any preceding literature on this particular topic, a power calculation to determine an adequate sample size was deferred. Access to the survey website was limited to individuals who had a link to the specific page and who completed registration. Various residency programs were contacted and asked to participate. Participants included MDs and DOs who were in an emergency medicine residency, in an emergency medicine fellowship, or board-certified/eligible emergency medicine physicians. After the participants registered, they took a demographic survey that asked how many scans they had previously completed, what their level of training was, and how they had received their US training. No information regarding specific age, sex, ethnic background, or health status was used for the study population. At enrollment, participants watched the same introduction video explaining how B-mode US and Bmode 1 M-mode US were used to determine the presence or absence of lung sliding before beginning the quiz. For each question, the participant was asked "Does this patient have lung sliding?" The only possible answer was "yes" or "no." All participants were shown the same clips, with around half randomized to get the corresponding B-mode US, and the other half randomized to B-mode 1 M-mode US. Study participants were randomized by en bloc randomization to take either the quiz on B-mode US alone or the quiz on B-mode 1 M-mode US using client side browser-based JavaScript. The results of the quiz and various demographic information were obtained. Exclusion criteria included refusal to participate in the study, not completing the quiz, and not meeting the above inclusion criteria. Blinding of the participants was not possible, since B-mode US alone and B-mode 1 M-mode US are visually different. The groups were then labeled group 1 and group 2, and the authors conducting the statistical analyses were blinded to which groups corresponded to B-mode US alone and B-mode 1 M-mode US.
Numerical variables such as accuracy, sensitivity, and specificity regarding diagnosis of a PTX were reported as mean and 95% confidence interval. The Mann-Whitney test was performed to compare the difference between the B-mode US and B-mode 1 Mmode US groups, since the distributions of accuracy, sensitivity, and specificity were not normally distributed. P < .05 was considered a statistically significant difference between B-mode 1 M-mode US and B-mode US alone in the diagnosis of PTX. All of the statistical analyses were conducted with R 3.3.1 statistical software (R Foundation for Statistical Computing, Vienna, Austria).
Results
One hundred seventy-three physicians registered for the study. After exclusion of duplicate registrations and 1 participant who had incorrectly filled out the form, 140 remained (Figure 3) . With regard to duplicate entries, only the entries that had answers filled out were entered in the final data. Seventy-two were randomized to B-mode US alone, and 68 were randomized to B-mode 1 M-mode US.
With regard to experience level, participants were stratified by level of training (resident, fellow, or attending physician), how many previous scans they had performed (0-100, 101-250, 251-500, 501-1000, or > 1000), and how they had received their training (residency, self-taught, no formal training, or US fellowship trained).
The overall comparison between B-mode US alone and B-mode 1 M-mode US showed that B-mode 1 M-mode US was more accurate (P 5 .0091) and specific (P < .0001) in the identification of lung sliding in the cohort as a whole ( Table 1 ). The data were further examined to account for results stratified by variables of experience. The subgroup analysis showed that when comparing the number of scans performed, with participants grouped as novice sonographers (those who had performed <250 US examinations in their career) and expert sonographers (those who had performed >250 US examinations in their career), the results diverged. Table 2 and Figures 4 and 5 compare the accuracy, sensitivity, and specificity within each of these subgroups. In novice sonographers, B-mode 1 M-mode US had significantly better accuracy (P 5 .001) and Data are presented as mean (95% confidence interval). Data are presented as mean (95% confidence interval).
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specificity (P < .0001) in the identification of lung sliding, whereas there was no significant difference between B-mode US alone and B-mode 1 M-mode US for expert sonographers. When a further subgroup analysis was performed, evaluating the level of training and number of years of training, similar findings were seen. Resident physicians showed higher accuracy (P 5 .0016) and specificity (P < .001) when using B-mode 1 M-mode US, whereas US fellows and attending physicians showed no statistically significant difference with B-mode 1 M-mode US (Table 3) .
Discussion
The addition of M-mode US in the evaluation of lung sliding has been extensively described in the US literature, but few studies specifically addressed its utility. Husain et al 33 reported that the use of M-mode US may be beneficial in patients in whom lung sliding may be subtle, such as in the elderly, those with a poor pulmonary reserve, and those not taking large breaths, Volpicelli reported that M-mode US's only useful purpose was to objectify the movement or lack of movement of the pleura on a printable image. 26 Unfortunately, neither of these statements were corroborated by any objective evidence. Whereas some publications have stated that the use of M-mode US is not helpful for the diagnosis of a PTX, 34 none have actually studied the benefit or lack of benefit for the evaluation of lung sliding by adding M-mode US when compared to B-mode US alone in live human patients. There was, however, one study that looked at the accuracy of M-mode US in a cadaver model. Adhikari et al 35 used 3 cadavers and a total of 84 examinations of hemothoraces and evaluated the accuracy of emergency medicine residents in the detection of PTXs. They found the sensitivity and specificity of B-mode US to be 93% and 90%, respectively, and the sensitivity and specificity of M-mode US to be 80% and 83%.
Our results indicate that, overall, the accuracy and specificity of the identification of lung sliding was highest when both B-mode US and M-mode US were used as opposed to when B-mode US was used alone in emergency physicians as a group. In the subgroup analysis, this finding was statistically significant only in the group of less experienced physicians, which included resident physicians and attending physicians with fewer than 250 prior US examinations. There was no statistically significant difference in accuracy for the more experienced physicians using B-mode US alone. Pleural sliding can be subtle, and these data suggest that less experienced physicians may need the addition of the M-mode images to confirm the diagnosis, and M-mode US adds little to the diagnostic accuracy of more experienced physicians. Given this finding, it is reasonable to continue to include M-mode US in training curricula and to encourage physician learners to use both B-mode and M-mode US for the identification of lung sliding in the diagnosis of a PTX until more experienced. The use of M-mode US is still supported, with a level A recommendation from the 2012 international evidence-based recommendations for point-of-care lung US. 36 More experienced physicians may be able to omit M-mode US and retain high accuracy, sensitivity, and specificity. For this group, using only B-mode US provides the potential benefit of increased speed and efficiency.
There were several potential limitations to this study. Although the presence of lung sliding rules out a PTX in the area being evaluated, the absence of lung sliding does not definitively confirm a PTX. There are some other situations in which the absence of lung sliding can occur, including but not limited to adhesions, chronic obstructive pulmonary disease exacerbations, and bullous emphysema. 37 The lung point is thought to be specific for a PTX. 30 Additionally, the presence of Blines helps rule out a PTX irrespective of lung sliding because B-lines are generated from the visceral pleura. If there is any air between the visceral and parietal pleura, no true B-lines should be able to be seen because of the air interfering with the visualization of the visceral pleura. This study did not evaluate or test the presence or absence of B-lines. There was a relatively high noncompletion rate in each group, and only a small number of US fellows participated. Given the small sample size, the accuracy of this study group may not be generalizable to all US providers. Future studies with a larger sample population may be more generalizable. There was a small percentage of emergency medicine residencies that participated in this study, and there is a possibility of a selection bias with programs that have more focus on US training. In addition, the study participants were queried for experience, including the number of scans completed, which may have been subject to a recall bias.
This study evaluated the interpretation of US images but not their acquisition. These skills are often taught at the same time but are considered separate skills. Future studies should be conducted to evaluate similar parameters but include image acquisition in the diagnosis of a PTX. 38 This study evaluated the accuracy of B-mode US alone versus B-mode and M-mode US together in the diagnosis of lung sliding with an online quiz using computed tomography as the reference standard. To our knowledge, this work is the first study to consider the benefit or lack of benefit for the evaluation of lung sliding using B-mode US or B-mode 1 M-mode US in live human patients. In addition to supporting prior studies reporting the high accuracy of US diagnosis of lung sliding, this study also clarified the role of M-mode US, being most useful for less experienced physicians.
